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(54) WHITE COLOR LIGHT EMITTING DIODE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a white color 
light emitting diode and its manufacturing method in 
which white color or a variety of mixed colors can be 
formed by implementing light emitting elements of two 
wavelengths on one substrate and manufacturing cost 
can be reduced by a simple process. 
SOLUTION: The white color light emitting diode 
comprises a first light emitting part of III— V compound 
semiconductor formed on a substrate and having an 
active layer, a second light emitting part of II— IV 
compound semiconductor formed on the first light 
emitting part such that a predetermined region thereof is 
exposed and having an active layer, and electrodes 
formed in predetermined regions of the substrate and 
the first and second light emitting parts. Wavelength 
bands of white and a variety visible light regions having a 
long lifetime can be realized by growing a III— V 
compound semiconductor having a wavelength region of 
635-780 nm and a II— IV compound semiconductor having 
a wavelength region of 450-550 nm on the substrate by lattice matching. 
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.■K»ff*OMB35Fl*«iI«r*. 
UVKtHSl SfeS»fc^*-Ktt, S«±t:: III— 
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CftMt*©«ffl] 

imxm i ] atttfc. 

1 1 - vm(oit^mmm- £ £ ass i mm t , 

3 fcll - nM<Dit-£VB*m#fr £ SJg 2 t s 

mmmt, i wmzmMomfevm.tK 

&mmmmtfLi<ti% c tmmt-r zm&m i mm. 
©afef§ft*v*-Fo 

- im&m 3 ] t$m&mmm& g a a s c f: 
<rsft#«2iE«©a&igft^*- p. 

[»*«4] 18IB£l»ftffiaGaAs/AlGaA 
&5W3:I nGaP/A 1 I nGaP^WS 

M«a53 IME»2ajfc»l4ZnCd S e/ZnM 
g S S e^. &5WiZ n C d S e/Z nMg B e S e 20 

saws i c«©eft«3t^*- p. 

5 C fc*«»fc-*-Sfl!#H 1 E«©aftSBt^-f *- 
Ho 

m*0l 7 ] ifflEftff (*£&©T8l%:$&£nS£ l 

tuiBsg 1 5fflB±im&ztu -jzvmmzm 

tZf&ZW&k. iaB»2a36»±fc«iSStu -£© 30 

tf» 3WKctt-3e©**^-r*»wgj««tirv^* e 
ami 8] toetttMesi. »23Bfc»©sBt« 

f SflJft® 7 BKoeftSMfi^*- Po 
[H«W9] MfBSSttGaAs^ ZnS e^©5 

EM** 10] WBB»lfttf»2«)WBttS^K:aa 40 

*»fi)t««)ttf « e fc*wafc^r*.ii*« i iBfg©e 

QII&Hl 1] GaAsIfit 
MEGaAsaSfcifcJBriJSft, GaAs/AlGaA 
s, fcSWil nGaP/A 1 I n G a Pfr&ftSVri' 
«f «> x/HHiTefc »MI 1 * 5 * »1 ffitt 
A. fg 2 * 5 y FJW M*WI2tlT^S)R 1 

fuEJfl ljttttfcJhlcJgj&gtiS GaAsIl gMSfc, 
ffiEGaAs&ftMLkCJgjftStU ZnCdS e/Zn 50 
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MgSSe, SSbSiZnCd S e/ZnMgB e S e 

Mi5Jg 2 «fl»±lcmjj&S G a A s £g 2 i: , 
fuiSSfi 1 RtflfS 2 *m©ffi£OWKlc WfftJftfcS 

Po 

mmmx^o. mmmmtmzmmmim-^m^six 
c 1 1 B*©afe»tt*M'* 

-Po 

CH^13] GaAsISfc, 
WfaGaAsSflLtKJ&iEStU GaAs/AlGaA 
s, fcSWil nGaP/A 1 I nGaPHSS^l/ 

mB% 1 3BiaSU:fcJBJ«« ft* GaAsfl mMMt. 
1HSBG a A stmm±tClBAStU ZnCdSe/Zn 
MgSSe, &5WiZ n C d S e/Z nMg B e S e 

MfESg 2 ft* G a A s K 2 JgfeW t , 

fuESg 1 8MROffi£oma&ft£ft«* 2 ttfc* 
ffiE»28m©m£OlR«^lS$n«S3«S2:, 
ME#^ 2 «@©WfctuE^ 3 «S©BDfc«J«*tu 

t&E j fti^ti©«ffi^-'ofc^n5<i:5^ x mfe<om 

CH*« 1 4] fuiegffifclg 1 SftdUitiSv^S^S 

-Po 

mxm i s ] Ktasfta wie^ umz mesvom®. 

*«*«13E«©a6SW6^-f*-F. 
[R&H16] Ga A sS|g±(CGa A s/A 1 G a 
As, I nG a P/A 1 I nG a 

;l/*S?*xrt'83ST?mfafcffi*f&ffU MEBi^ 
«aRJ:K GaAsfl iHI«Mt SSPgi:, 
tufSG a A sg@iS±tCZ n C d S e/Z nMg S S 
e, SSWiZnCdSe/ZnMgBeSei^ftS 

GaAsS2 gafea^^fiKf SSKf:, 
SulBG a A s m®m<D~&RZf ; t<DTmz%Z> Z n C d 
Se/ZnMgSSe, feSVtiZ n C d S e/Z nM 
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g B e S eA^^v^M^^x^ii^'Xy^y^ 
L-T, mtlBG a A s ffi 1 8HWB*Btb£-£33R5&« 

[H*«17] MEGaAsSgl&fcllJlfcKajS-ltS 

©pgo^Ki, Ktestbu^GaAsSi. mz&mmR 

[ff#« i 8] «rfeg«i:Sg i 8IMtt£v>fca&3 

•MS**?), BuSS«t^2gft!l«tt^-<0©«S-e 
**Efc*lW»i:*-*ll#3!l 6E«©efe»Jfc*^* 

[H*« 1 9 ] MfBSg 1 ^BKgJStiM 0 C V D (Metal 
Organic Chemical Vapor Deposition) MBE (Hoi 
ecular Beam Epitaxy) ©?5Mftfr©ISI»C <fc9J£jS : 

$ti5<ii;%#mi:-r§ii^«i 6B«©afs»^^-r ' 

[|f#5C20] tulB^2^a5«MBEi:, MOMB 20 
E (Metal OrganicMolecular Beam Epitaxy) <Dr>%fo 
ttfr<DIgfc«fc DJ&SSttSC fc£ftf«i:f l 

COOOl] 

[0002] 

CO*oaiH«& GaNffiSBtm-H (LE 
D) RXfU— !f-*W-K (LD) tflffiJSStU ttA 30 

■ (LCD) ©/*y*5-f HPftH?££<rfrt§ 

[0003] eftSWfi^*- K LTfi Y A G 
-GaNafeUDfr^^-K, ZnSe'NfnxW^ 
>/^»*i:-r5afe^^*-K, Hfe (*, 

*©-5l5. YAG-GaNfifefg#^*-K« 
InGaNffiLED^ YAG (Yittrium AluminumG 
arnet) «3HWli:*fi*^t>* , r«*r*. HI Att 40 
HftWftI nGaN-YAG&feLED^-TSjSSriB 

HTfcD, .B l.BttH-1 A<omM*fflmj&ra , vib 

[0 0 0 4] 01 ARr/01 BfcaVTJ:}^ 
I n G a N-Y AGSfiL E Dai^HH^ffilt 
ZVSMlClffiZtlXVZ. CO^*-Ktt, 01 B 
LEDOU-K7W-AO+-Vy^P^ 

t y a cmmm 1 *i«s«ft«HHi*«»)xnfcii 

**cfcfc*oT»&ft*a&©fMtt»ll8fcE'frL.fc 50 
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Y A Gfi3KMK09tt«n»t 5 C fcT?»&£tt3. 
[0 0 0 5] 02ti£gM&£*tt>4>T\ 02ti 
•f«fc5K:, YAG»ll<06llItInGaN^ 

»feL e d 2 e&^fc*xifr*BiHftttt»©qx 

[0006] InGaN-YAGefeLEDB, 01B 
InGaN^Of6LED2*^tM 
imftt 5 i: *<Wtt i'pTYA G $3ttoH l tfSijgS 

[0 00 7] C©<fc9tC, InGaN-YAGSfiLE 
DttLEDf-y^*— OLfrffifflU^OT?, jfc. IS. 
W (RGB) 3fe©LED£<&B-f5i:t©J:-5fc:. # 

feL e DosiK^isiss-r^jess^^fij^feSo * 

fc, YAGMSlttInGaNfftLED2©tf- 
^aSO»4-6 0nni"T?jafi«*U H 

[0 0 0 8] ZC-emm-glXZY AClWlli> Y 
j A Is Ou ©Y t A 1 ©— bPHetG d, GafC^tfVfftB 
HbfefcOT?, h (garnet) JBB©gj£L;fc« 

[000 9] bfrU iilEftYAGg)fc®RniLED 

fcV*5IHMMN&*. Sfc, Y A GW&fflb fflittfa 1 0 96© 

&^mm}mT*$>z<D?, zk 

£5 0 St6^©iSto©fci&»!:YAGOP$*18iD$-& 

[0 0 10] — 2k Zn S e^xtr*^ (homoepit 
axy) £g*i:-r£6fefg)fc?V*-Fti, H3fcwf 
^•5^, S-A (self-absortion) -fe^-i: bT, 
I . CI. Br. A 1 . G a. Xltl nfcj&tabfcJjMg 
gnIOZnSeiK3t ZnSe. ZnCdSe, 
Z n S e T e ft H©iS1£Jf 5 *#t?i?II#§ig© p - n & 

* Be** ^tt*mfe«8» , r * i i-vm*©»- 

[0 0 11] SHSJi5Ttt*e3:fcttW»fe»*»tt 
U ZnSefflR3©S-AaW*-t>*-«jSSttJi5 3&» 

m&ftt. Z n S elS«3*»65BttLfe*fe*S^tt* 

uys^lfitt, atefciN&©M©+iBlft*t8:fettefi3fc 

Z n S e efe^^-T*- KttSfi 
[0 0 12] bfrU Z n S e SfaSHK^*- Ktt. 

iSffi^z n s em&*Qmtztctb&mnmtf±&u 

£ fc, Z n S e »£© K-^«®©*l?ttS«*> & 
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[0013] H& m wta^*— k*h^ 
rcGegmr-tt-m. m*x*im?%k i g 3 a 

s. GaAsPt H-ftfeT-fgftf 5 GaPt> #6 
T-SBfrf 3 S i CRXf I nGaNt *by^-itfeT- 
^)tt3A 1 G a I n P*if*E^TS!ftf So 
[0 0 14] LfrU =fe «) SBfc^*- 

H^ffl^rcSfe^^*- Fa 3 Kfe/ vrr y » k l 
<&swihjswh&s. 

[0 0 15] 

[0 0 16] *%W<Dffi©g««> -OtDSS_h{C2® 

[0 0 17] *f8W©S££fl&©lW«:. IBJItaiSTf 
[0 0 18] 

ftgpi:, mSBt»±fc«J*S*u fulBIg l fSftgBfcS 30 
TVS. 

[0 0 19] CC"P,»1 RtftB 2 a3t»±»ctt*tl^ 
tlG a A s aMMMfflMtetU SStt GaAsI, Z n 
S eJR©55faftjb»-o-efc5 0 

[0 0 2 0] *LT\ SBlRftWttGa As/A 1 Ga 
Asl, nGaP/A 1 I nGaP36fr5ft 

5^/l/?»9xrt«?fcD» 8258fl»ttZnCd 40 
Se/ZnMgSSef, fe5WJZnCdSe/Zn 
MgBe'S efcfr&*Sv;l/**?*x/l/«|JST*S. 

[00 2 1] &1t s j&m\tG a A sStiU:* G a A s 
SfcJtfcJBjSStU GaAs/AlGaAs, fcSVtt 
I n G a P/A 1 I n G a P^6ft57;^i?>)i;l/ 

C«*Sn*GaAs»lS»Wi:» GaAsg®i± 
lc«jft*tu ZnCdSe/ZnMgSSe, &SV>« 
ZnCdSe/ZnMgBeSeA^%57;|/fifi> 50 
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xJWKS-tt&tK »3*5*FJ* ft2iStHL £4* 
8PJ:K:«J«Sn*GaAslH2«jjWi:» SglRtflg2 

»«n©ffij£©sss t aiFRWt *4vf*u&s;£ ns « 

[0 0 2 2] CCT\ MfcftiafttllttSkMcll&S 

[0 0 2 3]*^li N GaAsSfif:. GaAsli 
±fc»j*StU GaAs/A 1 GaAs> $>SWi I n 
G a P/A 1 I n G a PfrSft*v/l/f-a?*x/W&iS 
W0/»l*5»Hi, HIStti> *299<9*m 

&mmm-£tiT^&m 1 « 1 58t»±£j& 

f££nSGaAs$f!l&fi!!gh, GaA sgiUS±{<:m 
JSStU ZnCdSe/ZnMgSSe, 365VHJZn 
CdSe/ZnMgBe'S e^&ftSV^fii 1 ^ 
HBfiTfctK *3*9*FJi, Jg2ffittS, S4^77 
F«*«03WWSnT^SJB25»t»i:, »2$BteiU: 
tcjgA£tiSGaAs!B2*ttllfc« SKTflSlc«A2 

nssg i ust, g i &flM©ffi£©iKj*fc:£j£?ti* 

[0 0 2 4] «»HlcJ:*aftS»6^*--KO«BD5r 
G a A slftlKG a A s/A 1 G a A s. £S 
Wi I n G a P/A 1 I n G a P^P-ftSv^fl?-) 

x/ma** i m&zm&u % 1 «3t»±K: g a a 

nCdSe/ZnMgSSe, WiZnCdSe/ 
ZnMgB e S efr&fc*^/I/?#?9x;l/*iEre£2 
!tft»*J&SU *©*25»G*±fcGaAsS2SH!* 
JKW&jfrrsgWfc* G a A s &feWl©-g|SRtf *©T 
ffifc&SZnCd S e/ZnMg S Se, fcSlHiZn 
CdSe/ZnMgBeS e*»5iS;5v;Vflf -> x ;l/ 
^IJgfcx.y^y^LT, GaAs«l«IUi«Kb$4 

ssKfc, s*TFa5t, mft0&2«Mui©ffi£©is 

[002 5] <ICT\ GaAsl&lSftUIfcKaS-eS 
am MiS^mLfcG aAsIl, Sg 2 SfeSJl Rtf 

[0 0 2 6] *bT» jBlSSJttfttMOCVD (Metal 
Organic Chemical Vapor Deposition) £ s MB E (Mol 
ecular Beam Epitaxy) <D 5 %fttlfr<DXUlc 

^2%7t§i5«MBEi;. MOMBE (Metal Orga 
nic Molecular Beam Epitaxy) © o ^MtlfrOIDgfc <£ 

[0 0 2 7] 



7 

-r>VM%% (GaAs^O III — Vfflefc. ZnSel 
©II-VIjJD ©flWfcjSftStfT. 2tt«OI83l9l6?* 

lt fett^m4iB^fe*»*r * * 5 £ t & & © 

Tfc*. ffi^T, JBSPitt-OCffliLLfc III-V«© 
ft^»^#©«ISJ«SSa5'e$ 5 M 0 C V D (Metal 
Organic Chemical Vapor Deposition) &SW4MBE 

(Molecular Beam Epitaxy) II-VI«©fl:***» 
#©*BWS^**SMBE**V^ttMOMBE (Me 
tal Organic MolecularBeam Epitaxy) £*&-&LX* 10 

[0 0 2 8] *«©ft*IMiW**&, X Y Z^6£* 

fe©3$«StfflX, Y. Z(i^©j§D-e^5o 
(Si) 
[SI] 

r=tf(ii) r (A)<tt 

20 

[0 0 2 9] ±f24> 

S (A) : 31*©8flm©fi»$»fc## 

x (A) , y (A) , z (A) : XYZ*ft*"eaftS 

k : It^mS 

[0030] ttESnffcfcX, Y. Z*»6, 3fc©S2 
■»;:*»> feflUSWx, y, zjW»5ti*. 

[0 0 3 1] (S2) 30 
x=X/(X + Y + Z) 
y = Y/(X + Y + Z) 
z = Z/(X + Y + Z) 

[0 0 3 2] C©S2fc*t>ff5nfcftlfitai^ 6fe 
■tttWttx-0. 3 3, y = 0. 3 3j3*HC&5 

[0 0 3 3] Sfc, 32fr&. *»©LEDfi*rcB 
*\ LED tmvttftlZ. <fcoT Gfeft£*§* 

^©ajWRiiET?*ai c©<fc3tc, afe*3E-r*ttH: 40 

ii i:tc<fc ») RltlT*fe5o 
[0 0 3 4] 4-$T*«Z n S eJR©II-IV*©fl:£tt¥ 
SW*©«^, ±£MB E«»5rtt*fflV^T*-«»ft© 
«JWi?*«!ff LTtfe. L*»U Z n S e fclfrfS^ 
OWtttHMEtf&VHD'?, *5SH"ei*Z n S e IC#LT 

0.27 %/j^«y**&«*rr* g a a s g«*& 

[0 0 3 5] SEoT, *%B£© III-Vfle©ft^»** 
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tfTGaAsafcifcjSSSfcSCfctf-p**. Cti 
fct H4KjS"T III-V&fcII-VI&©{k^¥8ltt© 

[0 0 3 6] H4KjS-rj:5K:, Ill-V&©^fe?gft 
I?tLT©AlGaAsfcInGaAlP(t G a A 

s wsl t j&yg-s-tf njt6-e& o , n-vi8s©*»ftf»fc 

IftLTOZnMgBeSe, ZnMgSSefctft 
cntCcfcD, GaAsISM 
fc©M©tt?*«teK J: 

1?, GaAs*Hm III-V*©{t£»¥IW*8 

6 3 5-7 80 nm<mwmMmmo>mm^(om 
ftimwn* o.ii -vi&©{ta««{*{± 450-5 

5 0 nmOttMm©JiySRTWlFfl^ffi7ftS. «E 
oT, H2©ft*«*»6W*J:3fc," Ill-V&tll- 
vifc©{fc£«tf^W*B:#fifc*fe, tSfei:Sfe®«© 
5fl0©W»a»«H»*«Rlfll"T?ft0» jf«*^sas?{c 

iotfife^ ante*- tr^^feftKcs^ftssK-r 

[0 0 3 7] H5A~H5E»43»BfcJ:*aft»3t^ 

[0 0 3 8] H5A^-r*^K:x p-GaAs 

*Rl l±teMOCVDfc«V>ttMBEj*£8tl!f*ffl^ 
T, Ill-Vft*i4l*»»l 2 ©A 1 G a A s/G a A 
s/A IGaAsXBInGaAlP/InGaP/l 
n G a A 1 PfcEfc^yfrx/WIBfiT* 1 ^g^-Br^o 
CCT, A 1 G a A sSfelil nG a A 1 Ptt*5* K 
»18T*»K GaAsSfelil nGaPtiSttSl 7 
T'fcSo C©£#, tmmi 7i:LTfflV>e,n5GaA 
sSfdilnGa P©fij8tfcRtf*?»>x/l/©»S:8:H 

HfFC#S. #v>t?, ^7'vKIl 8±tc^ag(|!!i»i: 
ttn-G a A s 1 3^ATS. C©#gL-fc#S& 
iin-GaAsl3tt Ill-VjfcOftftatt*?^ 
H-VI«©lH5*rctt««fi©a)e«?kK:«51K: n - 

mw<DRm£%Zo ±EGaAs^o in— vasiofk-a- 

ft¥9#©A 1 G a A s/G a A s/A 1 GaAs. X 
fctA 1 InGaP/I nGaP/A 1 InGaPli»6 
5 0-7 5 OfeWftSST*. 
[0 0 3 9]<fcVT\ 05 BKTjkt&vlC GaAsf 

©•in-vas©fl:^*¥»»i 2*«ifc-r«sBt*? 

©*K*J«S;*«fc«, ilSttin-GaAs 1 3± 
KMB EXttMOMB E*JIV*T V II-VIfl5©<fc£tt* 
mWl 4©ZnMgSS e/ZnCdS e/ZnMgS 
Se, X(iZnMgBeSe/ZnCdSe/ZnMg 
Be S ettZ*m?Vxfm&?Z$U&&-£-&. t<D± 

izw&&&<Drctb<D p -mmm 1 5 *#*r 5. z n m 

gS S eXtiZnMgB e S ett^f 

0, ZnCdS e&m&mi 9T*&5 0 ±CII-VI»© 

ftBWWttl 4©ZnMgS S e/ZnCd S e/Z 
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nMgSSeXttZnMgSSe/ZnCdSe/Zn 
Mg B e S efi&2 5 0~3 5 0 t;<D^S"P^?-fr5 

[0 0 4 0] *%WT\ III-V&<D{fc#Kzi¥#ttl 2 
(01 */8&5ftt tLX, MBEXtiMOMBEXg&ffi 
*fflV\ 1 1 -VI&©{fc#8l¥3£# 1 4 <D 2 fc 
LTMOCVDX«MB ElSS^fflV^afttt, 2 

&£„ cnKj;t), *38Wfc:6^Tx l#y£g<DGaA 10 
s£<D III-VM:£&¥S£ttl 2ti, MOCVDSfc 
HUB EZR^XMUX (6 5 0-7 5 0<C) 2 
3fo8S0 HI— V^fb-g^^^i* 1 4 «\ MBEXttM 
OMBEfcffl^TiKS (2 5'0~3'5*0'r)'TjAftS« 

[00 4 1] 2^fi<Dfei6Ogffii!ia^ft(iM0 C V 
DXliMB EK<fc5 l^g^K«fcoTS*5 0 fiP 
15, l^Jjgg^S^MOCVD^S^ l*£ft 

wmommimimiiWf&znzo u-dx. *m&m<D 20 

*U*»tntf*6av\ ^tl(C*?T> MBE^-xVA 
-7n-G a A s 1 3/W77S£j&g£-£t\ III- 
V&fcII-VI&<D{fc£%l¥S#l 2, 1 4«§S©|ffl-ef8 
£*S^*«^lc«flW**tfc#T**. Sfc* l 
3JaSR*ife*«M B E T*&£J§£fcfi, m- VROffcfc 
&¥S#i 2»g|ffcR©&, 23toafiofe»e*nffi« 
siT*ii-vi^<o^xy/^-^i!j-rs©T\ &&%mm 

[0 0 4 2] #l/^T\ 0 5CfCjjVf.i:'3C l#Rtf2 
III-V»fcII-VI^fl:£tt¥»ttl 2. 1 
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